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(54) LAMINATING PIEZOELECTRIC CERAMICS VIBRATOR AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the piezoelectric characteristics and to improve conversion 
efficiency as a piezoelectric transducer, by allowing a piezoelectric cermaics of a laminating piezoelectric 
ceramics vibrator, wherein a plurality of green sheets are laminated and sintered as a body to contain Ag 
a specific range for a specific sintering temperature of below. 

SOLUTION: For a laminating piezoelectric ceramics vibrator, a plurality of green sheets of PbTi03-PbZrO 
based piezoelectric ceramics composition, wherein a conductor layer is formed on its surface are laminate 
and sintered as a body. Related to the piezoelectric ceramics of such laminating piezoelectric ceramics 
vibrator as this, a formula (Pb1-y My)(2rzTi1-z)03 (where M is one kind from among a group comprising S 
Ba, and Ca, while 0.01<y<0.10, 0.51<z<0.56) comprises Fe by such amount as 0.05-1.0 wt.% when 
converted into Fe203 and Ag by 10 ppm or more (less than 50 ppm). 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laminating mold piezoelectric transformer which are an object f 
cold cathode tube lighting circuits, especially the inverter circuit components for back light lighting of a small liquid 
crystal display about a laminating mold piezo-electricity ceramic vibrator and its manufacture approach. 
[0002] 

[Description of the Prior Art] Generally, if it is in a liquid crystal display, since the liquid crystal itself does not emit 
light, the back light method which arranges the discharge tubes, such as a cold cathode tube, on the tooth back and si 
face of a liquid crystal display object is in use [ itself]. Although it is based also on the die length and the diameter o 
the discharge tube to be used in order to drive this discharge tube, the high voltage of an alternating current of hundr 
of volts or more is usually required. The inverter using the piezoelectric transformer as an approach of generating the 
high voltage of this alternating current is indicated by JP,5-1 14492,A. 

[0003] Since the coil is unnecessary, structure becomes very easy, and a miniaturization, thin-shape-izing, and low- 
cost-izing are possible for a piezoelectric transformer. The structure and the description of this piezoelectric 
transformer are shown in "the property and application of a piezoelectric transformer" of the technical magazine 
"electroceramics" July, 1971 issue of the Gakkensha issue for example. 

[0004] The configuration and actuation of the most common piezoelectric transformer are explained below using 
drawing 2 . What is shown in drawing 2 is the mimetic diagram for explanation of the Rosen mold piezoelectric 
transformer which U.S. C.A.Rosen announced in 1956. It is shown that especially the part that gave the slash is the 
polar zone. 

[0005] Drawing 2 is a veneer-like piezoelectric transformer and one in drawing is the electrostrictive ceramics of 
PbTi03-PbZr03. The pair of the input voltage 3 and 4 prepared by silver baking is formed in the vertical side in the 
left half of [ in drawing ] this piezoelectric transformer, and an output electrode 5 is formed by the same approach als 
as a right-hand side end face. And in the die-length direction, the generation-of-electrical-energy section of a right ha 
performs polarization processing in the thickness direction, as the mechanical component in the left half of a 
piezoelectric transformer is shown in an arrow head, respectively. 

[0006] between the input electrode 3 of an above-mentioned piezoelectric transformer, and 4 ~ the resonance 
frequency of the die-length direction of electrostrictive ceramics 1, and abbreviation - if the alternating voltage of th 
same frequency is impressed - mechanical vibration with this electrostrictive ceramics 1 strong against the die-lengt 
direction - being generated - thereby - the generation-of-electrical-energy section of a right half - the piezo-electri 
effect - a charge - being generated - an output electrode 5 and an input electrode - on the other hand, output voltag 
Vo arises between input electrodes 4. 

[0007] The pressure-up ratio (Vo/Vi) (Vi is input voltage here) obtained with the piezoelectric transformer of the 
above-mentioned configuration is expressed like (1) type. 

(Vo/Vi) =A-k3 1, k33, and QM-L/T (1) type - here - the electromechanical coupling coefficient of the k3 1 :transvers 
effect, and k33: - they are the electromechanical coupling coefficient of the longitudinal effect, QM: mechanical 
quality factor, the die length of Lipiezoelectric transformer, the thickness of Trpiezoelectric transformer, and 
Axonstant. k31, k33, and QM are ingredient constants determined with piezoelectric material, and L and T are 
determined by the dimension configuration of a component. 

[0008] Since the high alternating current high voltage of several 100 volts or more is required, as for the piezoelectri 
transformer used for the above-mentioned back lights, a high pressure-up ratio is needed. For that purpose, although 
is effective to make thickness T of a piezoelectric transformer configuration thin, or to enlarge die-length L as shown 
(1) type, there is a limitation in the value which can be taken naturally from the field of mounting and component 
reinforcement. 

[0009] The piezoelectric transformer of a laminating mold which, on the other hand, carries out the laminating of the 



electrostrictive ceramics 1 thin as law for which such a trouble is solved, and carries out parallel connection of the 
mechanical-component side is indicated by JP,52-45476,B. The mimetic diagram for explanation of the piezoelectric 
transformer of the laminating mold with which the laminating of the such mechanical-component side was carried ou 
is shown in drawing 1 . In addition, it is shown that especially the part that gave the slash is the polar zone. The 
laminating of electrostrictive ceramics 1 and the internal electrode 2 is carried out by turns, and the mechanical 
component has structure connected to juxtaposition here. 
[0010] 

[Problem(s) to be Solved by the Invention] Generally the laminating mold piezoelectric transformer which carried ou 
the laminating of thin above-mentioned electrostrictive ceramics 1 and an above-mentioned thin internal electrode 2 
turns is manufactured by the same manufacture approach as a stacked type ceramic condenser, namely, several of the 
sheets after printing the noble-metals paste used as an internal electrode 2 on a screen on the front face of the green 
sheet of an electrostrictive ceramics constituent ~ a laminating - being stuck by pressure — unifying — the — an 
afterbaking join is carried out. 

[001 1] The noble metals used for the internal electrode 2 of such a laminating mold piezoelectric transformer need n 
to oxidize at the sintering temperature of a laminating mold piezoelectric transformer, and not to dissolve. Therefore 
Ag-Pd alloy is used as an internal electrode ingredient like a stacked type ceramic condenser. While bearing this Ag- 
alloy at sintering in an elevated temperature so that the ratio of Pd was high since the melting point of Pd was as high 
as 1554 degrees C, it is in the middle of sintering, since it is easy to carry out the volume change of the Pd, when its 
ratio of Pd is too high, it is in the middle of sintering, and had the fault of being easy to generate exfoliation with a 
ceramic component. 

[0012] On the other hand, since the melting point will fall if the ratio of Pd is stopped, sintering temperature must als 
be lowered. Generally, with a laminating ceramic condenser, although the alloy of Ag-Pd=70 and 30 is used as an 
internal electrode material, in order to use this Ag-Pd alloy as the internal electrode material of a laminating mold 
piezoelectric transformer, it must sinter at the temperature around 1 100 degrees C. However, there is no electrostrict 
ceramics constituent with which sintering temperature is around 1250 degrees C, and 150-degree-C order can also 
sinter the conventional electrostrictive ceramics constituent at low temperature conventionally, and immediate 
invention was called for strongly. 

[0013] this invention person etc. was adding and sintering Ag as sintering acid to an electrostrictive ceramics 
constituent, while inquiring wholeheartedly, and the electromechanical coupling coefficient of the transversal effect, 
the electromechanical coupling coefficient of the longitudinal effect, and mechanical quality factor were large, and it 
found out obtaining the electrostrictive ceramics constituent whose sintering temperature is below 1 100-degree-C 
order. The addition of Ag supposes that it is desirable to contain 50-1000 ppm in the electrostrictive ceramics after 
sintering. 

[0014] However, when this electrostrictive ceramics constituent was actually applied to a piezoelectric transformer a 
the electrical potential difference was impressed and driven between input electrodes, migration occurred through Ag 
contained in electrostrictive ceramics, insulating degradation and the insulating short circuit of a piezoelectric 
transformer were caused, and the problem was in the drive (moisture resistance) in an environment especially whene 
[ high-humidity/temperature ]. 

[0015] It was made in order that this invention might solve an above-mentioned trouble, and sintering temperature is 
below 1 100-degree-C order, a piezo-electric property is excellent, and conversion efficiency is high as a piezoelectri 
transformer, and it aims at offering the electrostrictive ceramics vibrator excellent in moisture resistance, and its 
manufacture approach. 
[0016] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem, artificers hit on an idea 
wholeheartedly to the electrostrictive ceramics vibrator which has improved the configuration remarkably, and its 
manufacture approach as a result of research. That is, the 1st invention is laminating mold electrostrictive ceramics 
vibrator which 10 ppm or more less than 50 ppm of Ag contain in the electrostrictive ceramics of this laminating mo 
electrostrictive ceramics vibrator in the laminating mold electrostrictive ceramics vibrator which carried out the 
laminating of two or more green sheets which consist of a PbTi03-PbZr03 system electrostrictive ceramics constitu 
in which the conductor layer was formed on the front face, and really sintered them. 

[0017] For the 2nd invention, it sets to the 1st invention and a PbTi03-PbZr03 system electrostrictive ceramics 
constituent is a general formula (Pbx-yMy) (ZrzTil-z) 03 (however, M). To at least one sort which consists of group 
of Sr, Ba, and calcium and 1.005<=x<= 1.030, 0.01<=y<=0.10, 0.955 <=(*-y) <=0.980, and the principal component 
presentation expressed with 0.51<=z<=0.56 It is the laminating mold electrostrictive ceramics vibrator which conver 
Fe into Fe 203, and it comes to contain 0.05 to 1 .0% of the weight. 

[001 8] In the laminating mold electrostrictive ceramics vibrator which the 3rd invention carried out the laminating o 
two or more green sheets which consist of a PbTi03-PbZr03 system electrostrictive ceramics constituent in which th 



■conductor' layer was formed on the front face, and was really sintered The electrostrictive ceramics of said laminating 
mold electrostrictive ceramics vibrator is a general formula (Pbl-yMy) (ZrzTil-z) 03 (however, M). While converti 
Fe into at least one sort which consists of groups of Sr 3 Ba, and calcium and 0.01<=y<=0.10, and 0.51<=z<=0.56 at F 
203 and containing 0.05 to 1.0% of the weight It is the laminating mold electrostrictive ceramics vibrator which com 
to contain 10 ppm or more less than 50 ppm of Ag. 

[0019] The 4th invention is laminating mold electrostrictive ceramics vibrator with which Ag contained in the 
electrostrictive ceramics of laminating mold electrostrictive ceramics vibrator condenses and deposits in the grain 
boundary of said electrostrictive ceramics as Ag or Ag alloy thru/or an Ag compound in the 1st invention thru/or 
invention of the 3rd. 

[0020] The 5th invention is laminating mold electrostrictive ceramics vibrator whose void content of the electrostrict 
ceramics of laminating mold electrostrictive ceramics vibrator is less than 3% in the 1st invention [ 4th ] from 
invention. 

[0021] The 6th invention is laminating mold electrostrictive ceramics vibrator whose conductor layers of laminating 
mold electrostrictive ceramics vibrator are Ag thru/or Ag alloy in the 1st invention thru/or invention of the 5th. 
[0022] The 7th invention is the manufacture approach of the laminating mold electrostrictive ceramics vibrator whic 
controls the amount of Ag contained in the electrostrictive ceramics of laminating mold electrostrictive ceramics 
vibrator by the oxygen density in a furnace at the time of sintering in the manufacture approach of the laminating mo 
electrostrictive ceramics vibrator which carried out the laminating of two or more green sheets which consist of a 
PbTi03-PbZr03 system electrostrictive ceramics constituent which formed the conductor layer in the front face with 
Ag thru/or Ag alloy, and really sintered them. 
[0023] 

[Embodiment of the Invention] In order to improve the moisture resistance of laminating mold electrostrictive ceram 
vibrator, Ag which is the conductive matter contained in electrostrictive ceramics must be reduced. While 
experimenting in many things, when the invention-in-this-application person etc. produced the laminating mold 
piezoelectric transformer using the electrostrictive ceramics constituent which does not add Ag used as sintering acid 
in the electrostrictive ceramics, Ag exceeding 100 ppm contained him. While advancing examination furthermore, it 
became clear that Ag in this electrostrictive ceramics was diffused in this electrostrictive ceramics from the internal 
electrode which consists of Ag thru/or an Ag-Pd alloy. Therefore, in order to improve the moisture resistance of 
laminating mold electrostrictive ceramics vibrator, it is important to reduce diffusion of Ag from an internal electrod 
[0024] However, if diffusion of Ag to the inside of electrostrictive ceramics is reduced, sintering [ of this 
electrostrictive ceramics ] will become inadequate and a mechanical strength required as a piezoelectric transformer 
and a piezo-electric property will not be acquired. As a result of trying many things in research, even if it reduced Ag 
diffused in a piezo-electric ceramic, in order to have acquired sufficient degree of sintering, this invention person etc 
did the knowledge of it, when what is necessary was to inhibit or just to have filled up that Pb in electrostrictive 
ceramics dispersed and disappeared at the time of sintering. 

[0025] The melting point is low, and Pb disperses at the time of sintering and disappears. For this reason, 
stoichiometric runs short of Pb, and sufficient degree of sintering cannot be acquired, but the sintered density of 
electrostrictive ceramics falls, and since a void content increases, neither sufficient mechanical strength nor a piezo- 
electric property is acquired. Although a certain amount of [ also sintering in the ambient atmosphere in which it 
considers as a sealing condition with sintering fixtures, such as a setter, and Pb cannot disperse easily ] suppression c 
be performed in order to prevent this Set 0.980 and x to 1.005<=x<=1.030, and y is set to 0.01<=y<=0.10. desirable 
(x-y) of under the presentation of an electrostrictive ceramics constituent, and 0(ZrzTi(Pbx-yMy)l-z) 3 0.955<=(x 
y) <= — The consistency fall of electrostrictive ceramics and the increment in a void content can be prevented withou 
filling up a disappeared part of Pb and stoichiometric running short of Pb by adding Pb superfluously. 
[0026] Moreover, the pressure-up ratio which could make still higher the electromechanical coupling coefficient of t 
transversal effect, the electromechanical coupling coefficient of the longitudinal effect, and the mechanical quality 
factor, and was excellent, and conversion efficiency are acquired permuting 1-10 atom % of Pb atom in the above- 
mentioned constituent by at least one sort of Sr, Ba, and calcium, and by especially permuting by Sr. Moreover, 
polarization can be made easy while being able to lower Curie-temperature Tc. In addition, if the amount of 
permutations exceeds 10 atom %, the fall of Curie temperature becomes superfluous and temperature stability runs 
short as a laminating mold piezoelectric transformer. 

[0027] Although lessening as much as possible is desirable in moisture resistance as for the content of Ag in 
electrostrictive ceramics, since the wettability of electrostrictive ceramics and an internal electrode runs short that the 
content of Ag is less than 10 ppm and delamination occurs, the content of Ag has desirable 10 ppm or more. Since th 
moisture resistance of laminating mold ceramic vibrator deteriorates that it is 50 ppm or more and insulating 
degradation and an insulating short circuit are caused, less than 50 ppm is desirable. 

[0028] Moreover, while examining many things, it became clear that the diffusing capacity of Ag.diffused into 1 



electrostrictive ceramics from an internal electrode hadtG©irelati©n"'alm^^ 

a fuMa^lf^^ Therefore, it is desirable to m^(Pthei©5^gemdensity in a furnace at the time of 

sintering into A^W^Sffor setting the content«oi^Agnn~eli^ 

[0029] If an oxygen density falls, since the organic binder contained in a green sheet will remain as carbon to 
electrostrictive ceramics and it will have a bad influence on many properties, it is desirable to sinter in atmospheric a 
at the temperature to 750 degrees C. It is desirable to carry out before sintering by making a debinder into another 
process more preferably. 

[0030] Moreover, the above-mentioned constituent can make a mechanical quality factor QM still higher by converti 
into Fe 203 and making Fe equivalent to 0.05 - 1 .0 % of the weight contain, and acquires a high pressure-up ratio an 
conversion efficiency. Less than 0.05 % of the weight of the effectiveness of Fe content is insufficient, and degrees o 
sintering run short by ** 1.0% of the weight. 

[0031] The electrostrictive ceramics constituent concerned can obtain the laminating mold piezoelectric transformer 
which the electromechanical coupling coefficient of the transversal effect and the electromechanical coupling 
coefficient of the transversal effect have been improved, as a result was excellent in a pressure-up ratio and conversi 
efficiency by making the place of z of 0(ZrzTi(Pbx-yMy)l-z) 3 of an electrostrictive ceramics constituent into the 
range of 0.5 K=z<=0.56. 

[0032] In addition, although the effectiveness and the description of each presentation component were directly 
described in the above-mentioned explanation, it cannot be overemphasized that it is what these presentation 
components do not do this effectiveness or description so independently, and is considering as the range as the 
configuration of this invention, and will not be done so without the synergistic effect of each component. Invention w 
carried out based on this knowledge. 
[0033] 

[Example] (Example 1) The creation approach of a sample is explained first. First, after carrying out specified quant 
weighing capacity of the lead oxide which is the powder of each start raw material, titanium oxide, a zirconium 
dioxide, and the strontium carbonate and mixing with a wet ball mill, this was dried and cracked, temporary quenchi 
was carried out at 850 more degrees C for 2 hours, and temporary-quenching powder was created. After cracking thi 
temporary-quenching powder with a RAIKAI machine, it supplied to the ball mill, and after grinding with wet, this r 
material was dried and temporary-quenching raw material powder was created. 

[0034] Furthermore, PVB was added as a binder, BPBG was added 4% of the weight as a plasticizer into this 
temporary-quenching raw material powder, respectively, and it kneaded with the ball mill by using ethyl alcohol as a 
solvent for 24 hours. 

[0035] Degassing after kneading and viscosity control were performed and the 80-micron green sheet was produced 
with the doctor blade method. Then, the internal electrode was printed on the green sheet using the paste of Ag-Pd=7 
and 30 with screen printing, it was stuck by pressure, and it cut in the predetermined configuration, and considered a 
the Plastic solid, 25 layers were arranged to a laminating and the burning tools which consist this Plastic solid of an 
alumina or a magnesia, and it calcinated at 1 100 degrees C after degreasing this for 2 hours. Sintering performs a 
sintered atmosphere with a controllable batch type furnace with a sufficient precision, and the oxygen density in a 
furnace at the time of sintering is suitably adjusted by permuting by N2. Furthermore printing of the I/O electrode w 
printed and carried out, and polarization (140-degree-C and 2kV/mm) electric field were impressed, polarization 
processing was performed, and it considered as the 25mmx5mmx2mm laminating mold piezoelectric transformer. 
[0036] In addition, Ag content in the electrostrictive ceramics of the laminating mold piezoelectric transformer 
concerning this invention needs to carry out quantitative analysis of the content of Ag in a sintered compact, and to 
check it. In this example, ICP AEM (Inductively Coupled Plasma Emission Spectroscopy) was adopted as the 
technique of the above-mentioned quantitative analysis, and the electrostrictive ceramics of the generation-of- 
electrical-energy section was started and analyzed. Moreover, about the presentation of the electrostrictive ceramics 
after sintering, it analyzed similarly. 

[0037] Moreover, the input- side insulation resistance of a laminating mold piezoelectric transformer was measured b 
DC100V after carrying out the humidity resistance test which carries out the continuous duty of the laminating mold 
piezoelectric transformer by rated 2.5W for 500 hours in the thermostat of the temperature of 60 degrees C, and 90% 
relative humidity, and the migration of Ag was evaluated. In addition, 100 M omega or more of insulation resistance 
was desirable, and this was made into the reference value of evaluation. 

[0038] Anti-chip box reinforcement used as the test piece the 25mmx5mmx2mm laminating mold piezoelectric 
transformer which produced in said procedure and performed polarization processing, by the tripartite bending test, 
added [ of the laminating mold piezoelectric transformer ] the load from the laminating on condition that the distance 
between the supporting points of 12mm, and load rate 0.1 mm/min, and computed it from the fracture point. The 
reinforcement which can bear a big variation rate was required to obtain a pressure-up ratio high as a piezoelectric 
transformer, as for the anti-chip box reinforcement, two or more [ 10 kgf(s)/mm ] were desirable, and this was made 



•into the reference value of evaluation. 
[0039] 
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[0040] In Table 1, No.2-4 of a sample, 7-9, and 12, 13, 16, 17, 20-22 are, the laminating mold piezo-electricity ceram 
vibrators, i.e., the example, concerning this invention. Be [ this invention / out of range ], i.e., in order to distinguish 
from an example, it was an example of a comparison, and No.l of a sample, and 5, 6, 10, 1 1, 14, 15, 18, 19 and 23 g 
Q to the sample number. Hereafter, it explains, contrasting this example and the example of a comparison. 
[0041] The sample of No.l to 5 in Table 1 is the laminating mold piezoelectric transformer which made the oxygen 
density in a furnace 5%, and sintered it by the presentation which an electrostrictive ceramics constituent converts Fe 
into O(Zr(Pbx-0.05Sr0.05)0.52Ti0.48) 3 at Fe 203, and contains 0.7% of the weight. By the sample of No.2 to 4 wh 
are x=l.OO5-1.030 (the total atomic % of Pb-Sr is 100.5-103.0), as for conversion efficiency, degree of sintering with 
as sufficient void content as 1 .4 - 1.7% became 92 - 93%, and a high value by being obtained, and 1510-1950 M om 
and anti-chip box reinforcement both indicated [ the insulation resistance after a humidity resistance test ] the good 
high property to be 2 1 3 .0 to 1 4, 1 kgtf mm. On the other hand, by the sample of No. 1 of x= 1 .00 (the total atomic % o 
Pb-Sr is 100.0), degree of sintering with a as sufficient void content as 3.2% was not acquired, but the mechanical 
strength deteriorated. Moreover, by the sample of No.5 of x= 1.035 (the total atomic % of Pb-Sr is 103.5), the conten 
of Ag is 80 ppm and the insulation resistance after a humidity resistance test deteriorated remarkably. 
[0042] The sample of No.6 to 1 1 in Table 1 is the laminating mold piezoelectric transformer which made the oxygen 
density in a furnace 0 - 80%, and sintered it by the presentation which an electrostrictive ceramics constituent conver 
Fe into O(Zr(Pb0.97Sr0.05)0.52Ti0.48) 3 at Fe 203, and contains 0.7% of the weight. Degree of sintering with a as 
sufficient void content as 1.6 - 2.4% was acquired, and the sample of No.7 to 9 whose oxygen density in a furnace at 
the time of sintering is 1-40% showed the good property' that many other properties are also high. Delamination wa 
able to generate the sample of No.6 whose oxygen density in a furnace is 0% (it is total replacement arthroplasty at N 
on the other hand, and was not able to evaluate it. moreover, No. whose oxygen density in a furnace is 20 or 80% — 
for the sample of 10 and 1 1, the insulation resistance after a humidity resistance test deteriorated remarkably. 
Moreover, it increased with 3-330 ppm as the oxygen density in a fUrnace of the content of Ag in electrostrictive 
ceramics increased with 0 - 80%. 

[0043] The sample of No. 12 to 14 in Table 1 is the laminating mold piezoelectric transformer which made the oxyge 
density in a furnace 5%, and sintered it by the presentation which an electrostrictive ceramics constituent converts Fe 
into O(Zr(Pbl.020-ySry)0.52Ti0.48) 3 at Fe 203, and contains 0.7% of the weight, the amount of permutations of Sr 
which permuted a part of Pb - 1.0 and 9.0 atoms %, i.e., y= - No. of 0.01 and 0.09 - by both the samples of 12 and 
13, good conversion efficiency was acquired and the good property that many other properties are also high was sho 
Moreover, Curie temperature (Tc) is 345 or 260 degrees C, respectively, and it turns out that it has shifted to a side 
whenever [ low-temperature ] with the increment in the amount of permutations. 

[0044] It produces [ by the sample of No.14 which are y= 0.1 1 (the amount of permutations of Sr is 1 1.0 atoms %) o 
the other hand, Curie temperature (Tc) falls to 235 degrees C, and ] a problem in the dependability in the elevated 



* temperature as a laminating mold piezoelectric transformer and is not practical. On the other hand, in y< 0.01 (the 
amount of permutations of Sr under 1 .0 atom %), as long as an inclination is seen, conversion efficiency becomes 
inadequate. 

[0045] The sample of No. 15 to 18 in Table 1 is the laminating mold piezoelectric transformer which made the oxyge 
density in a furnace 5%, and sintered it by the presentation which an electrostrictive ceramics constituent converts Fe 
into O(ZrzTi(Pb0.97Sr0.05)l-z) 3 at Fe 203, and contains 0.7% of the weight. No. which is z=0.51-0.56 (Zr is 51 to 
atom %) — by the sample of 16 and 17, it was high and, as for conversion efficiency, many other properties also 
showed the good property. Conversion efficiency deteriorates with 89 or 88%, and the property of the sample of No. 
which are z= 0.50 (Zr is 50 atoms %) on the other hand, and the sample of No. 18 which are Z= 0.57 (Zr is 57 atoms 
is inadequate as a piezoelectric transformer. 

[0046] The sample of No. 19 to 23 in Table 1 is the laminating mold piezoelectric transformer which the sample of 
No. 15 to 18 in Table 1 made the oxygen density in a furnace 5%, and sintered by the presentation in which an 
electrostrictive ceramics constituent converts Fe into O(Zr(Pb0.97Sr0.05)0.52Ti0.48) 3 at Fe 203, and it contains ze 
to 1.1% of the weight. By the sample of No.20-22 whose 20Fe3 addition is 0.1 - 0.9 % of the weight, good conversi 
efficiency showed the good property that many other properties are also high. On the other hand, the sample of No.l 
which do not add Fe 203 deteriorated, as for the sample of No.23 which are l.lwt(s)%, conversion efficiency becam 
[ 20Fe3 addition / the void content ] as large as 3.1%, sufficient degree of sintering was not acquired but anti-chip b 
reinforcement also deteriorated. 

[0047] Moreover, as a result of analyzing these samples, Ag in electrostrictive ceramics condensed and deposited wi 
Pb etc. in the grain boundary. The condition was Ag, AgO, and an Ag-Pb alloy. 

[0048] (Example 2) The place of Sr in an example 1 by the ratio when making the whole quantity of Sr into 100 atom 
% The sample permuted by the whole quantity Ba, the sample permuted by the whole quantity calcium, the sample 
permuted by Sr40 atom %Ba60 atom %, The sample permuted by the sample permuted by the sample permuted by 
Sr40 atom % and calcium60 atom %, Ba50 atom %, and calcium50 atom % and Sr50 atom %, Ba30 atom %, and 
calcium20 atom % was created, respectively. 

[0049] When the evaluation check was carried out in the same approach and same procedure as a case of an example 

also in which sample, the almost same result and effectiveness as example 1 case were acquired. 

[0050] In addition, although the laminating mold piezoelectric transformer of the Rosen mold was indicated in these 

examples, it cannot be overemphasized that the effectiveness of this invention does not change in other laminating 

mold piezo-electricity ceramic vibrators which especially the invention in this application is not limited to this, and 

become with a laminating technique. 

[0051] 

[Effect of the Invention] As explained above, according to this invention, sintering temperature is below 1 100-degre 
order, a piezo-electric property is excellent, and conversion efficiency is high as a piezoelectric transformer, and the 
electrostrictive ceramics vibrator excellent in moisture resistance and its manufacture approach can be offered. 



[Translation done.] 



